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Abstract 

Recently, the CDF collaboration reports an anomaly in dijet mass distribution 
in association with a lepton and missing energy We discuss a possibility that the 
origin of the lepton and missing energy comes not from a W boson but a new boson 
particle, which is also responsible for the dijet mass peak. We show that such a 
situation can be realized in the framework of the minimal supersymmetric standard 
model and the dijet anomaly can be explained. 



1 Introduction 



Recently the CDF collaboration has reported the peak of the dijet mass round 140 GeV 
p.J. The search is performed in dijet events with one lepton + missing energy, motivated 
with the production of a new particle in association with a W boson, 



Here, £^ is an electron or muon. Such a mass peak is difficult to be explained in the 
framework of the Standard Model (SM). The SM Higgs particle has too small cross section 
to explain the mass peak. Therefore we expect a new source beyond the SM (BSM). 

There are many researches done on this topic [21 [3l [H [5l El [71 [8j . Usually, the origin of 
the lepton and missing energy is assumed to be a leptonic decay of a Vl^ boson. However, 
we can also consider the case that the source of the lepton and the missing energy is not 
the W boson decayE Here, we consider an alternative case that the source of the lepton + 
missing energy comes from a charged and color singlet particle, which is also responsible 
for the dijet mass peak. Let us consider the production of the new particles 



where (j) is the new boson particle. The leptonic decay of provides the lepton and missing 
energy. 

If the cross section of the process is order of pb, it is possible to explain the dijet 
anomaly. Considering the direct production, if the interaction strength of the is of 
the same order as the electroweak interaction, it is difficult to achieve the preferred cross 
section in the case that the is a scalar particle and it would be possible in the case of 
the vector (j). Therefore the case of massive vector cj) such as a boson is an interesting 
possibility to explain the dijet anomaly. 

However, it is not necessary that the (/)'s are directly produced, and in that case the 
boson (/) can be a scalar field. We assume the scalar particle is produced from the cascade 
decay of a slightly heavier particle /, which has a large production cross section: 



pp^ y W^{^ £^u) + 2 jets). 



(1) 



(2) 



PP^fi^ x<i>) + f\^ x'4>). 



(3) 



^ This possibility is also pointed out in Ref. H] 
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If the decay products X, X' from / are high energy objects such as jets or leptons, the 
signal acceptance is reduced and this scenario might be inconsistent with existing BSM 
searches. Therefore X should be low energy objects or neutrinos. Such a situation can 
be realized in many BSMs, including supersymmetric (SUSY) models as we will discuss. 

2 Test of two scenarios 

In this Letter, we consider the case that the lepton and missing energy comes from not 
a W boson but a new boson particle 0. Here we propose a simple test to discriminate 
between the two scenarios. 

In the paper of the CDF, the upper-bound on the transverse mass Mt(^^^) is not 
imposed. However, if the origin of the lepton and missing energy is not a W boson, the 
transverse mass distribution is changed. The M^[£v) distribution from the (f) decay has 
a Jacobean peak at not W mass but (j) mass, if I is not a tauon. § Here we assume 
that the particles from the decay of /, f in Eq. (|3]) other than (f) have negligible energy 
due to degeneration of the masses of /, f and 0. Therefore, by imposing an additional 
cut: upper bound on Mt(^^^), the two scenarios would be easily discriminated. In order 
to confirm this, we consider the process of a Higgs production in association with a W 
boson: pp Wh. We set the mass of h to be 150 GeV. We consider two cases: the usual 
W boson mass and the mass changed to 150 GeV. The events are generated with the 
program Pythia 6.4 [9j. The detector simulation is done with the program AcerDet [10] 
with modification to adjust for the Tevatron detector. Then we impose the similar event 
selection as in the CDF study [Ij. Additionally we impose the upper-bound on Mt(^^^). 
We define the reduction factor R as 



max 



/ rr..^x # of events with additional cut Mr < Mp , , 

' w^i^ — 

It is expected that the R is small in the case of 0. In Fig. [U we show the plot of i? as a 
function of M^^"". 

We can see that the value of R in the case of the heavy W boson is much smaller com- 
pared to the normal W boson case around Mr^^^ = 100 GeV. Therefore, by imposing the 



^ When is a tauon, the Jacobean peak are smeared. 
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Figure 1: The reduction factor R (defined in the text) as a function of M^^^. The blue 
and sohd hue represents the case of usual W boson mass and the red and dashed line 
represents the case of unusual W boson mass 150 GeV. 

additional cut on Mt, the height of dijet mass peak is drastically reduced. Equivalently, 
a tight cut of a lower bound on Mt, e.g. Mt > 100 GeV will reduce the background if 
the source of the lepton + missing energy is the boson 0. 

3 Realization in SUSY Model 

In this section, we show that the dijet anomaly can be explained in the framework of 
the minimal SUSY models and discuss the constraints from existing results from collider 
experiments and future prospects at the LHC. 

3.1 Model Setup 

We consider the SUSY model in which the wino is the lightest neutralino and chargino and 
the slepton is the lightest SUSY particle (LSP), which can be achieved e.g. in anomaly 
mediation models [HI [12]. In addition, we consider a slight violation of the R-parity (see 
Ref. [13j for a review). In general, the R-parity violating superpotential is written as 

= -XijkLiLjEk + X^jj^LiQjDk + -X'-jj.UiDjDk + SiLiHu. (5) 
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For simplicity, we set 6: = 0. We assume that there are no baryon number violating terms, 
that is, A^' = 0. We also assume that the lepton flavor violation in the flrst and second 
generation is negligible, and only consider the violation of the lepton number in the third 
generation, i.e., X^u^ Ag^^- 7^ 0. In this setup, we can avoid [14j the wash-out of the baryon 
asymmetry in early universe [15j if the lepton flavor is not strongly violated in the soft 
masses ^16j . 

In this case the LSP slepton is no longer stable. The slepton decays into lepton+neutrino 
or two quarks. By adjusting the parameters A and A', it is possible to realize Br(^ 
£u) = Bt{£ qq') = 0.5 and in this case, the signal acceptance gets maximum. 

We consider the process 



In the case that = 140 — 150 GeV, the cross section is about 0.5 pb as shown in Fig. 
[2] and it is possible to explain the CDF dijet anomaly. The slepton mass is also assumed 
to be around 140 — 150 GeV to explain the dijet mass peak. Then the W and i are almost 
degenerate and hence we can neglect the SM particles (neutrino or lepton) coming from 
the decay of W. 

For concreteness, we perform the analysis in the case of the minimal anomaly media- 
tion. We set the model parameters as 



The mass spectrum and decay table are generated by the ISAJET 7.80 [18j. The physical 
mass parameters are m^o = 146 GeV, m~± = 147 GeV and rrtf^ = 144 GeV. The branching 
fraction of the R-parity violating LSP decay is calculated with the program Pythia 6.4. We 
set A311 = A322 = 1.2x 10~^ and ^^^2 = 10~^. Because of these R-parity violated couplings, 
the LSP fi decays with the branching ratios Br(fi eu) = Br(fi jiu) =0.25 and 
Br(fi us) = 0.5. The decays of the winos are Xi ^ r^f^ and xf ^ i^f^. The energy of 
the tauon from the wino decay is very small because of the smallness of the mass difference 
and the tauon is irrelevant for the following analysis. At the Tevatron, the production of 
SUSY particles are dominated by lightest chargino and neutralino production. The NLO 
cross section is calculated by the program Prospino and is 0.63 pb. 



pp WW i^u) + qq') 



(6) 



mo = 292 GeV, ms/2 = 51 TeV, sign(/x) = +1, tan/3 = 10. 



(7) 
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Figure 2: The NLO production cross section of the winos at the Tevatron and the LHC. 
We have used the program Prospino2 [17] . 

We impose the similar event selection as in Ref. p"]. There are some detector effects 
which cannot be treated by the fast detector simulation such as particle identification 
efficiency, which reduce the number of the signals. To estimate the reduction factor, we 
generated diboson process at NLO level and compared to the result of simulation in Ref. 
[Ij. We multiply the SUSY cross section by the overall reduction factor. 

In Fig. [31 we show the dijet mass distribution in the present model. One can see that 
this model can explain the dijet mass peak. 

Finally let us comment on the choice of R-parity violating parameters. The present 
R-parity violating couplings are consistent with phenomenological constraints [131 HH]- 
Xijk are tuned for lepton ffavour, because the excess is observed in both electron and 
muon channel. We need to set the parameters such that A311 A322. We also switched off 
couplings which leads to f ^ ru because hadronic decay of r reduces signal acceptance. 
For example, we need to assume that A313 is negligible. As for A^^-^., there are freedom for 
the choice of ffavor structures, as long as the hadronic branch and leptonic branch of f is 
of the same order to maximize the signal acceptance. We also mention about the Grand 
Unified Theory (GUT). The R-parity violating Yukawa couplings we have introduced is 
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Figure 3: The dijet mass distribution in the present model. Black data points show the 
observed resonant contribution to Mjj in Ref. [T] including WW and WZ production. 

not SU{5) GUT invariant. However, the Yukawa coupling unification may not necessarily 
maintained for small Yukawa couplings (e.g., by using the GUT breaking field VEV), 
and hence it is not so obvious whether the present choice of the parameters immediately 
contradicts with the GUT or not. 

3.2 Constraints and Prospects 

In addition to the present one lepton+missing+dijet signature, there are diflFerent patterns 
of the final states, depending on the decays of the slepton LSP. Possible final states are: 

Case 1. One lepton+missing energy +dijet 

Case 2. Same sign (SS) 2 leptons + missing energy 

Case 3. Opposite sign (OS) 2 leptons + missing energy 

Case 4. Dijet+dijet 

Each case occurs at frequency comparable to each other. In the presence of production of 
the heavier SUSY particles such as a gluino and a squark, there are additional signatures 
such as high jets. The Case 2. and 3. are very similar to the signatures of low- 
energy gauge mediation in which the wino production is dominated. Therefore, studies 
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on the constraint [20j and search [2T] on the low-energy gauge mediation are almost 
straightforwardly applicable. The search based on the Case 4. would be challenging 
because of large amount of QCD background. In this section, we discuss the constraint 
on the present model. 

Constraint 

The strongest constraint comes from SS lepton + missing energy signature, which is 
almost free from the SM background. The CDF collaboration provides data of the same 
sign 2 leptons and missing energy event [22j. They have observed 13 events after some 
cuts and the SM prediction is 7.8±1.1. At the model point presented above, the predicted 
number of events is about 5. Therefore the current model point is consistent with the 
CDF SS21 search. Recently, the ATLAS collaboration has reported the analysis on two 
leptons + missing energy events [23j. They have observed events with the same sign 2 
leptons + missing energy events, which is consistent with the SM prediction 0.28 ± 0.14. 
On the other hand, the present model predicts about 1 event. Thus, we conclude that 
this model is consistent with the ATLAS search. The search for opposite sign 2 leptons 
event gives weaker constraint on the present model. 

Prospects 

As discussed previously, the SS21 search is the most promising search for the present 
model. In the year 2011, the integrated luminosity of the LHC will reach 0{1) fb~^. In 
this case, it is easy to discover the present model. 

In the above discussion, we consider the wino production (see Fig. In the frame- 
work of the anomaly mediation, the gluino and squark masses are predicted to be around 
1100 GeV. For integrated luminosity of a few fb~^, signals from such colored particles can 
also be expected. Such signals are accompanied with high jets besides multi-lepton 
and missing energy. Observation of such signals is a crucial test for the present model. 



8 



4 Conclusion and Discussion 

In this Letter, we tackle the CDF dijet mass anomaly in lepton + missing energy events. 
We propose a scenario that the origin of a lepton and missing energy is not a W boson but 
a new BSM particle, which also makes the dijet mass peak. We discuss a simple test for 
this scenario using the lepton transverse mass. In addition, we show that such a scenario 
can be realized in SUSY models. This model is consistent with the current experimental 
data and can be tested with the very near future LHC run. 
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